Introduction
Child mortality rates in Tanzania were reported to be 137 per thousand live births in the latest population census data, compiled in 1987. Analysis of community survey data from the last ten years reveals that protein-energy malnutrition (PEM) and diseases are the immediate causes of this high mortality rate [1] . According to Waterlow's classification [2] , the level of severe PEM was 4%-6%, and moderate PEM was 40% 60% in pre-school children, with the severe form reaching a peak between 13 and 29 months of age. Most children between the ages of 6 and 30 months also experienced recurrent illnesses. Infectious diseases, even those of mild character, have been shown to be a common cause of anorexia and to cause a significant reduction in food intake, weight loss, and impaired physical growth [3] .
It is obvious that the problem starts when supplementary feeding is introduced at about 4-6 months of age and continues until complete weaning, which in most areas normally occurs between 18 and 30 months of age. Usually the preferred weaning food is prepared as a thin liquid (uji) using the main staple of the area. This most often means a gruel made of maize, sorghum, or millet flour, but in some areas mashed potatoes, bananas, or cassava are also used. Depending on the season and the area, a variety of beans, peas, and vegetables are added. The energy contribution from fat is low.
The liquid gruel usually contains around 5% dry matter, which results in an energy density of 0.2 kcal per gram of prepared gruel. For children above one year old, mothers may prepare thicker gruels. The upper limit for dry matter, however, is normally 20%, because, beyond this concentration, the gruel becomes difficult to stir. This provides an energy density of about 0.7-0.8 kcal per gram.
Evaluation of food-intake studies in young children [4] [5] [6] indicates that an energy density of the weaning diet of about 1.0 kcal per gram is needed in order to satisfy energy requirements [7] . Human milk has an energy density of about 0.7 kcal per gram [8] , and it is therefore reasonable to assume that the energy density of a weaning diet should at least exceed 0.7 kcal per gram and preferably should be about 1.0 kcal per gram.
The liquid gruel will obviously be too voluminous for a young child; four to five litres would be required to meet the child's energy needs. The thicker gruel has an acceptable energy density, but its consistency makes it less easy to consume, especially when the child is sick and prefers a liquid gruel [9] .
This high-volume/viscosity character of a diet is usually referred to as "dietary bulk" and can be a major constraint in providing children with enough food in areas where starchy staples are the main foods [10; 11] . The concept of dietary bulk as a limiting factor for energy and nutrient intake in pre-school children has been conceived, reviewed, and developed in a series of papers [12] [13] [14] [15] .
In attempts to find solutions to this problem, the use of the traditional food-preparation procedure of germination, or malting, has been shown to reduce the dietary bulk of cereal-based weaning foods considerably [14] . Flour of germinated sorghum -"power flour" -can also be used as an additive to already-prepared thick porridges of ungerminated flour [16] .
The mechanism behind this effect is that amylolytic enzymes (amylases) developed and activated in the germination process rapidly break down the starch in the cereal, which is the main constituent of the gel structure in the porridge, reducing its water-holding capacity. As a result, the water trapped in the gel structure is released, producing a more liquid gruel.
The Luganga village study had two objectives: first, to measure how well the power-flour method for the preparation of bulk-reduced weaning foods was adopted by mothers and, second, to measure actual intakes of weaning foods with different dietary-bulk properties in pre-school children.
2
The acceptance and intake of bulk-reduced weaning foods
The study
Setting Luganga village is located in the Iringa Region of Tanzania, near the Little Ruaha River, which is the local source of water. The population at the time of the study was about 1,300, in 250 families. Social services included a dispensary with a mother/child health (MCH) unit, a primary school, and a village shop.
The major crops grown were maize. millet, sorghum, and rice under irrigation near the river. Legumes (cowpeas and beans) and oil seeds (groundnuts and sunflower) were also grown to some extent, and seasonal vegetables and fruits were available. Most food produced was consumed in the household.
Children
Forty pre-school children were selected at random from different households to represent all the village administrative cells. Eight of these forty were excluded from the final analysis because of frequent absence or migration from the village. The age range of the children was from 5 to 65 months. Weight-for-age data from MCH records at the Luganga dispensary indicated that about 68% of the children were classified as underweight. No one participating in the study was classified as severely malnourished (below 60% of the weight standard). The final test group consisted of 14 girls and 18 boys.
Diets
By mutual agreement between the villagers and the research team, it was decided to use the most readily available food items -namely maize grain or flour and ground-nuts, which were available in most households during the study or were provided from the village shop.
Three different diets were prepared using the same mixture of maize and ground-nuts (95:5). The first diet was a thin gruel containing 5% solid matter boiled in water for about 20 minutes, which was the common type of weaning food fed to infants. The second diet was a thick porridge with 20% solid matter and a viscosity of about 50,000 cP. The third diet was prepared like the second one, but, after the porridge was cooled to about 40 °C, germinated sorghum flour (power flour) was added (1% of the entire mixture) and mixed thoroughly until the porridge thinned down to a semi-liquid consistency with a viscosity about 3,000 cP. Viscosity measurements were performed for each diet in six households, using a Brookfield viscometer with a No. 6 spindle and a spindle speed of 20 rpm.
The preparation of the germinated sorghum or millet flour was similar to the well known traditional household technology for preparing malted flour, which is widely used locally for making beer. The seeds were soaked overnight and allowed to germinate for two to three days in the dark, covered by wet cotton cloths. After drying in the sun for two days, the seeds, with their vegetative portion, were ground into a flour with a pestle and mortar.
Protocol

Adoption of the power-flour method
The technique of using the power flour to reduce the consistency of a thick porridge was demonstrated to the mothers at the dispensary on six occasions over a period of two months. On each occasion different ingredients were tried and tested by the mothers, and finally the maize/ground-nut mixture was the one selected. During the demonstrations, information was given on the importance of preparing nutritionally adequate weaning foods to be served at least three or four times a day. The children were also fed as a group with a weaning food treated with power flour at each meeting. This type of limited promotion programme was felt to be essential if the technique was to be extended on a national level without requiring too many promotional resources.
The mothers then recorded their acceptance and use of power flour in the home for a period of three months. They were asked to record every time they used power flour in making porridge for their children. For those who did not keep records, the research team used the recall method monthly. Most mothers made their own germinated flour or borrowed it from their neighbours. Weaning-food intake Initially group feeding was carried out at the village dispensary. Each child was served a portion of the maize/ ground-nut porridge prepared as previously described, weighed with a Salter top-balance scale. The very young children who were unable to feed themselves were fed by their mothers or child minders, but the older children were left to eat on their own by cup or spoon under the supervision of their mothers. In all cases, care was taken not to force the food on the child. If the child wanted more food, it was served in a weighed portion. After the child finished eating, left-overs, if any, were weighed and recorded. Subtracting the left-overs from the recorded amounts served gave the food intake during the meal.
The group feeding was carried out on six days over a two-month period in order to demonstrate the use of power flour in weaning-food preparations to the mothers and to familiarize the children with the bulkreduced diet.
Food-intake measurements were conducted in the homes after completion of the period of the adoption study described above. They were carried out on three consecutive days once a month over a period of six months, as follows: On the first day, in each test household, the children were served the liquid gruel (5% flour). On the second day, they were served the porridge containing 20% flour, treated with power flour to thin it down to a semi-liquid consistency. On the third day, they were served the thick porridge (20% flour). All ingredients were weighed and left for the .mother to prepare. The order of the servings was varied randomly. The liquid porridges were served in a cup, and the thick porridge was taken by hand, either by the child itself or with help from the mother. The meal was served between 9:00 and 10:00 in the morning, which implied that the younger children would have been breast-fed earlier in the morning. Food-intake measurements were carried out only if the children were free of any infection.
Statistical levels of significance in food intake between the diets were determined using Wilcoxon's non-parametric method with signed rank test [17] as described by Colton [18] . Table 1 shows the frequency of using the power-flour method to prepare weaning food over period of three months by 40 mothers in Luganga village. The group that used the method "almost every time weaning food was prepared" increased from 13% to 28% over the period. The percentage of the women who used the germinated flour a quarter of the time or more increased from 48% to 85%. Food intake in pre-school children Table 2 shows the food intake of the three test diets for each child. Each value is an average of six measurements, taken once per month over a period of of six months.
Results
Adoption of the power-flour technique
Overall there was wide variation in individual food intake within each age group, and, as was to be expected, the older children were able to eat more per meal. Table 3 presents a summary of the food-intake data by age groups and a statistical evaluation.
In the group 5-12 months old, which had only four children, the average food intake was about the same for all three diets (range 153-163 g per meal).
In the group 12-24 months old the intake of the porridge treated with power flour was significantly higher (p c .05) than that of the thick porridge with the same flour concentration: 347 + 94 g compared with 277 + 93 g per meal. It was even slightly higher than the overall mean intake of the liquid gruel with 5% solids, 330 + 118 g per meal.
In the 24-48-month group the overall mean intake of the liquid gruels -that with 5% solids and that with 20% solids treated with power flour -was significantly higher (p < .05) than that of the thick porridge.
The 48-65-month group had less variation in individual food intake, and there was no significant difference in food intake between the three diets, which averaged 542 g per meal. [17] . Mean values within the same row not having a common superscript are significantly different at p < 05.
Discussion
Acceptance of the power-flour technique
The use of power flour to prepare a bulk-reduced liquid weaning food was accepted by almost all the mothers, possibly because we used an indigenous technology to tackle a recognized problem. On the other hand, only half of the mothers used the power-flour technique frequently -meaning at least once a day -over the threemonth period. It was recognized by the village health committee that a more frequent use of power flour could be expected if the village nutrition extension worker were trained with special emphasis to promote it and if it were used in preparing the meals served at the village daycare centre. It was felt important that the children should be weighed regularly and their weight recorded on a growth chart available to the mothers so that they could observe the benefits of proper feeding of their children.
Food intake
The amounts of food consumed in one meal by the children in this study were within the range of values reported by others on children fed similar diets [4; 6; 19; 20] . There are, however, few reported studies comparing food intake of bulky and bulk-reduced weaning gruels. Araya et al. [21] found no correlation between the energy density (range 0.47-0.86 kcal per gram) and food intake in pre-school children served different lunch meals. Those meals, however, were not porridges or gruels; they were mainly composed of cereals, legumes, and tubers with vegetables. In this study all the children consumed both the bulkreduced gruel with 20% solids and the 5% gruel, each with a liquid consistency, in equal amounts. However, the thick porridge of 20% solids was consumed significantly less by the children between 12 and 48 months old. It seems, therefore, that the limiting factor was the viscosity (consistency) and not the energy density of the gruel. This is in agreement with the findings of Svanberg et al. [6] on Ethiopian children fed the sorghum-based weaning food faffa, bulk-reduced by the addition of 5% germinated sorghum flour, and of Gopaldas et al. [20] , who served young children a liquefied wheat porridge with fat.
It is important to note that the children between one and two years old in this study were the ones most sensitive to the consistency of the diet. This is the age group in which supplementary feeding is supposed to cover the larger part of the energy and nutrient requirements, and also in which the malnutrition problem reaches its peak.
The weaning food usually prepared by mothers in Tanzania is a liquid gruel, and such a "rue] obtained by using power flour to thin down a thick porridge will provide four times more energy per unit volume than the traditional uji. Furthermore, the traditional feeding method in the villages is by cup or spoon, and introducing a more energy-dense liquid weaning food prepared using a traditional household technology is not likely to cause the problems associated with bottlefeeding and commercial weaning foods. The importance of this finding is demonstrated even more if the intake figures obtained in this study are used to estimate the actual amount of different weaning gruels needed per day in order to meet the energy requirements of young children. Table 4 demonstrates the difference in food intake needed to cover 60% of the daily energy requirements for a one-year-old child given gruels with different dietary-bulk properties.
It is assumed that breast milk will cover the rest of the requirements. More than 3,500 ml of the 5% maize/ ground-nut gruel is needed per day, an amount obviously impossible for a one-year-old child to ingest. Of the thick 20% porridge, about 870 ml per day is needed. This could be eaten in three meals according to the observed average intake of 277 ml per meal. Flour concentrations of between 20% and 25% can be liquefied by the addition of germinated cereal flour. The amount of such gruels needed would then be in the range of 710-870 ml per day, and thus a 60% energy coverage could be achieved with only two or three meals a day. The importance of such a high-energy-density weaning food is emphasized by data from nutrition surveys in Tanzania indicating that children under five years of age are usually fed only two or three times a day.
